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TESTS OF THE NACA 0025 AND

SUMMARY

0035 AIRFOILS IN THE

By V7. ICENKETH BULLIVANT

An inzxstigatim wax conducted in the NACA juU-
scale w“nd tunnel to determine the aerodynamic chara.cte.r-
ietice of the 6- by 36-foot rectangular iVACA 00x?6and
0035 airjoile. The awodynamio characterietim of the
plain airfoils with rounded and 8guure tip8 uxre de-
termined by jorce tests through a complete angle-of+dtack
range, including the anglesfor minimum drag and maxi-
mum lijt; in addition, the profi drag mr.edetermined by
the momentum method. Tlw trandion points on the air-
fde were locuted by boundar@ayer d%tt?rmination8with
.sma~ltoid-hea.d and static tubt?8. Each ahfoil was also
te8ted m“th a 030c full-span 8plit @p. Tujt euroey8
were included to 8hm.othe progresa”vebreakdown of jiow
with irweaeing angles of attack. Previously puMi&d
data from tests of the iVA(7A 0009, 0012, and 0018
airjoile in the fukxzle tunnel have been included in the
summury curoe8.

Within the range covered, the section profidrag coef-
@“ents of the NACA 0096 and 0086 airjoils were
pra.eticallyindependent of Reynolds number, tlw WIWS of
the8e coe@nt8 for the two airjoih being 0.0082 and
0.011!2, respebely. With the airjoils equipped with
030c fuU-8pan split jkp8 and at a Reynolds number of
3,000,000, the mmrimum lijl coetint oj the iVACA
O(M?6a~oil was fi.67 and thd of theiVACA. 0036 airjoil
wae %MJ. Tujt and momentum eurwys iruiicuted poor
$uw beginning at a low lijt ooqfkient near & trailing
cdge8of th~NACA O(M6and 0036 airjoils. When based
t)n the prq”ectd frontal area, the section with the lowest
projde-drq coefficient was found to hare a ih’ickne88
approximately $?0percent of the chord.

INTRODUCTION

Reports based on tests of the NACA 0009, 0012,
and 0018 airfoils in the fuU-scale wind tunnel at the
Ltingley Memorial Aeronautical Laboratory were pub-
lished in 1938 and 1939. (See references 1, 2, and 3.)
The accuracy of these data has been widely accepted,
and in some instancw they have been used as a standard
in determining corrections for smaller wind tunnels.
The present report of the NAC?A 0025 and 0035 airfoil
tests extends the data of this particular airfoil series to
a thickness ratio beyond which there is little likelihood
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of fight application. A test procedure similar to that
used-for testing the three thi&er airfoils (references 1 —
and 2) was followed. This procedure iuc.ludesmomen-
tum and boundary-layer determinations and tuft sur-
veys for the plain airfoils and the determination of the
aerodynamic characteristics of the airfoik equipped with
0.200fd.1-spansplit flaps. The Reynolds number range
for the tests was from 1,400,000 to 5,900,000. Dtita
from references 1,2, and 3 have becmincluded in severrd
~“aphs and in a tabIe listing important chmacteriatioa
of the airfoils of this symmetrical series.

SYMBOLS

The symboIs used in the report are defied as follows:

a

Q%
c!
cl

dC.
da
a.

c.
CDO

C%

L/D
P‘me/4

c‘a. c.

A

u

61

u
[1

17

Y

P

angle of attack of airfoil
angle of attack for irrlhite aspect ratio
airfoil Iift coafEcient
section lift coefficient

sIope of airfoil lift curve, per degree -.

slope of lift curve for Mnitc aspect ratio,
per degree

airfoil drag coefficient
airfoiI profile-drag coefficient
section profde-drag coefficient
rntio of lift to drag
pitching-moment coefficient nbout quurter-chord

point of airfoil
section pitching-moment coefficient tibout wro-

dynamic center of plain nirfoiI
aspect ratio
a factor used to correct induced drug to

allow for the change from elliptical span IoMI-
ing to a span loading for an airfoil with rec-
tangular plan form (0.051)

flap deflection
Iocal velocity, feet per second
velocity at edge of boundary layer, feet per

second
tunneI air speed
distance normal to surface of

tance above center of wake
local static pressure

airfoil; and dis-
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!-h free-strca.mdynamic pressure ()
L V2,2P

c airfoil chord
8 distance along airfoil surface from theoretical

stagnation point
x distance along chord from leading edge of chord
t wing thickness
H, free-stream total pressure
H, totaI pressure in wake
PrJ free-stream static pressure
F a factor, usually about 0.8 to 0.9
R Reynolds number

EQUIPMENT AND AIRFOILS

A description of the NACA full-scale wind tUIUWl

nnd of its test equipment is given in reference 4. The
turbukmce factor of tho tunnel as determined by sphere
tests is 1.1 (rofercLce 5). The 6-by 36-foot rectangular
NACA 0025 and 0035 airfoils (see figs. 1 and 2)
were of steel-spar construction with ribs at 12-inch
intervnls. The airfoi.b woro covered with j{~-inch
ahn-ninum slmts, attnche(l with countersunk screws.
The exterior seams and the screw slots were filled; and
the entire surfa,cewas sanded, coated with paint primer,
and then resanded with fine water“sandpaperto n finish
considered to be aerodynamically smooth. Surface
waviness was rccluced to a minimum for this typo of
construction. TIM maximum variation from the true
sect.ion ordinates was + ){6 inch, but over most of the
surface a smaller tolerance was adhnwd to. Dctachnble

FIGUREI.–The NACA 0026munded.tip alifdl with a O.!Whdkpsn split flap
mountedh tha hdl.ade w’iudtunnci.

rounded tips were provided for each airfoil. These tips
formed one-half of a solid of revcdution, the radius at
each chordwise station being equal to one-half of the
local airfoiI thickmess. (See fig. 1.)

A full-span 0.20c spIit flap was used with each airfoil.
The flap was constructed of }i-inch plywood with braces

at several points along tho spnn to provide deflections
from 15° to 90°. (See fig. 1.) The flap ddlcc~ion a~
was mmmred between the lower surface of each nirfoil
and the flap; the hinge point was so located thut the.
trailing edges of the airfoil and tho flap would coincide
when the flap was uncleflcctcd.

Tho rake used for tlw monwutum cklw’mil]utions

FIGURE2.—TheNACA 0035alrfoflwith roundedtips remorad.

consisted of a comb of 37 small total-head tubes and a
comb of 13 static-pressuro tubes spaced 6 inches
laterally. (See fig. 3.) The rake was mounted on the
survey apparatus (seereference 4) and each tube JVM
connocted to a multiple-tube manometer carried in the
survey carriage abovti the jet. A sketch..of the rako is
given in reference 3.

The velocities at four heights above the surface of the
airfoils were determined by a bank of four small tottd-
head tubes and ono static tubo (fig. 4). Tlm t.ubmwere
of stainless steeI, 0.040-inch outsido diameter, with a
0.003inch wall thickness. The frout cuds of tho total-.
head tubes were flattened to an outside thickness of
0.012 inch for a length of 1 inch from the opening.
Each tube was bent to conform to the airfoil contour
and the height was set with a tcmplektype gage. AL
the conclusion of each test, the heighk of the tubes
were ngain measured with a thickness gnge. Pressures
were transmitted through small tubing taped along the
traiIing edges of the airfoils and down the supporting
struts” to a manometer located in the balance room.
Readings were taken simultaneously at four chordwiso
stations with the banks of tubes spaced laterally to
eliminate interference effects.

TESTS

During the tests the airfoils were mounted with the
main supporta attached at the quarter-chord line of tho
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airfoils (figs. 1 and 2). The angle of attack was changed
by a verticaI movement of the lower ends of the rear
strut members.

Lift, drag, and pitching moments of each airfoil were
obtained at an average test veloci~ of 57 mdw per hour,

FLGCEE3.—Viewsof the rake usedformomentumdetermhuttfons.

corresponding to a Reynokls number of 3,200,000, ancl
though an angle-of-atttick rmge beginning at —8° and
extending through maximum lift for the following test
conditions: square-tip with flap unreflected; rounded-
tip with flap uncleflected; and rounded-tip with flap
deflected 15°, 30°,45°, 60°, 75°, and 90°. The effect of
the Reynolds number on minimum clrag and maximum
Iift for the rounded-tip and the square-tip airfoils and
on maximum lift for the rounded-tip airfoils with flap
deflected 60° was determined at velocities up to 105
miks per hour (R=5,900,000) for the minimum drag
coefficients and 76 miles per hour (R=4,300,000) for the
maximum lift coefficients. Wool tufts were used on the
upper surface of each rounded-tip airfoil ta show the
progressive breakdowm of flow with increasing angles of
attack.

By means of the rake previously described, simulta-
neous measurements were made of the tot+d and the
static pressures 20 percent of the chord behind the
tding edge of each airfoil at 27 spanwise locations.
The measurements were made at five lift coe.t%cients
from –0.5 to 0.5.

At three
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angles of attack, oorrwpondii
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to a sma~
negative lift c&fEcient, zero ‘lift cm&cient~and a small
positive lift coefhcient, and at tunnel speeds from 30 to
90 miles per hour (R ranging from 1,700,000 to 5,100,-
000), the velocities at effective heights of 0.008, 0.031,
0.046, and 0.156 inch above each airfoil surface were
measured. The banks of small tot.aI-pr~ure and static-
pressure tubes were used, and determinations were
made at 0.05c intervals from the 0.05c to the 0.50c
position.

REDUCTION OF DATA

The genertd method outlined in reference 1 for the
correction of force-test data and the convemion to
infinite-aspect-ratio characteristics has been followed.
In tbe computation of the coefficients for tho a.i+oils
with the rouncled tips, the added area.of the tips was not
included. All coefficients for an aspect ratio of 6 listed
in this report are thus based on the same area—that of
the squar~tip airfoiIs.

A separate determination of the support tare and the
interference drags by force tests was not made as in
the case of the thinner airfoils of t-hisseries reported in
reference 1. For the correction of all the force-test
results, a combined tare, interference, and horizontnI-

.-

FIGURE4.—Bankof total-headtubes and static tuk nsedforbonndarylayw
auweys.

buoyancy correction was evaluated by a direct comp-
arison, at severtd low-lift coefficients, of the drag coef-
ficients obtained by the force tests and the momentum
method. The profle-drag coefficient as determined by
the momentum method was obtained by spanwise’
integration of the section protie-drag coefficients. All
of the measured valum vm.reused except those obviously
affected by the supporting struts; thus a coefficient was
obtained that excIuded the effect of the supports. hTo
Iift correction for’ the supports was made because
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previous tests in the fd.1-scale tunnel havo shovvn that
this correction is negligible. The following formula

.-
.3Z

.24

,.

FXWJRX5.—Ch8mdWIStiCSofNACA Oti!%afrfoilof mpxt ratio G.

was used in computing the combined tare, interference,
and buoyancy correction for each airfod:

where
C’D,tBre.iUt&sf~ronCe-bUOy&IICy cocfkirmt

L’DNgross drag codficient of the. airfoiI..with
rounded tips oormcted mdy for stream-
angIe and jet-boundary effects. (See
reference 1.)

~~0 profile-drag coefficient of tho airfoil with
rounded tips from momentum survey

The tare-interference-buoyancy coef%cient CD, for
the NACA 0025 and 0035. airfoils at zero” lift
umountod to 0.0029 and 0.0046, respectively, which is
Jlghtly greater than one-third t&e minimum drag of
each airfoil The portion of the C~f due to buoyancy
was determined for each airfoil from static-pressure
surveys in the test plane and was found to be 0,0007
for the NACA 0025 airfofi- d 0.0010 for “the
NACA 003$ airfoil. The CD,values decreased rapidIy
with increasing angles of attack and at 7° (the highest
positive angle at which momentum determinations
were made) approached constant vaIues of 0.002 for

the NACA 0025 airfoil and 0.003 for the NACA 00:35
airfoil; these values were used for the bighcr angles
of attack.

T~~Joregoing method of determining the effect of
the su~ports on the airfoil drag does not permit au
accuritie pitching-moment correction; therefore this
correc”@n w-as Dot applied, Because previo~]s tests
~ve ~@wn that very small pitching-moment corrm-
tlons WYdue ti thesesupportp and because the pitching-
~“orn~. coefficient curw.s for the ,airfoh used in tl!o
preson~ investigation”pass ,through zero at zero anglo
of ‘a~te~ (~. 5 and 6), the error due to the orniision
of tb.q. ,co~;ti;tfi~ k beIie~ccl”to l.xi n~~lgibl;. “““Tlio..—

3fa@r” w~:obt~i@. by substitu~ion of the y&pcr
~+i~~ &racteristlcs in kgure 7 of refer&cc’ 6. TI~
frie-s~eam dyriamic “pl’e&ure qOjor “HO~pO).w@ o~-
tainecllq the uqua.1.man,nerfrom tunnel calilywjiot]s.

1In,~~er. t-o.check t,~e.section profiledr~ cc@lcieti 1.s
as detyyminea by” the foregoing sim~lificd mq$ho~ it~-
volvi~ the use of tho F factor, computations were also
made by the longer, more rigorous method outlinwl’ in
rcfti~’e 3 for the NACA 0035 .&fo~~ ‘ and yar t

& “nt resu~ted+ The true section profile drag ofa~+eo ,
o?ch q~foiI was considered to be “pn averago of tho
v~ues_gbtained. by the momentum rnot~od over ho,4

.32

,,

.24

L??
$’./6,$

$$

-0 ~. u m-l-

Angleofaftuck,u ,deg . [
FIGCBE6.—Characterfaticeof NACA IX86alrfoIlofaspwtratio0.

— —.

tiddle 28 feet of the span exclusive of the values affcctccl
~y the struts and the local flow disturbances.

The bounda~-layer test data have been presenhd
in the same form as that employed in reference 2 so
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that tho graphs for the NACA 0009, 0012, uncl
0018 airfoils might be compared directly with those for
tho NACA 0025 and 0035 airfofls of this report.

PRECISION

The accuracy of the basic measurements is believed
to be within the following limits:

a.-. ------- _-__ ------------ _-__ -.------ *O.1°

CL8W----------------------------------+O.O5
COO-------------------------- +0.@3f34(CA=f3)
c!=d4-------------------------- ------- +0.010

RESULTS AND DISCUSSION

Force and momentum tests,—The principaI aerody-
namic characteristics of the hTACA 0025 and 0035
rounded- and square-tip airfoik of aspect ratio 6 are
given in figures 5 and 6 for an average Reynokds number
of 3,200,000. Although curves for both rounded-tip
ancl square-tip airfoik are shown, the test points for
the square-tip condition are not included. The cor-
rw.pending section characteristics are presented in
figure 7. The fact that the lift curve of the NACA
u(I35 airfoil cloes not pass through zero at 0° angle of
stttackcan be accounted for by a slight strut interference
cflect “on the lift, which has been disregarded in these
tests.

Figures 8 and 9 show the progression of the stall with
increasing mgles of attack, as determined by tuft-s
tuped on the upper surfaces of the airfoiIs. The cross-
hatching indicates a reveme flow or a haphazard motion
of the tufts. The row of tufts nearest the trailing edge
showed a slight disturbrmce on each airfoiI even at zero
lift.

Tho effect of Reynolds number on the maximum lifts
of the plain and the flapped airfoils is shown in figure
10. In the range investigated there was an increase
in mm.imum lift with increasing Reynolds number ax-
ccpt for the N.4CA 0035 rounded-tip airfoil between
Rcpmolds numbers of 1,600,000 and 3,100,000, where
tho offcct was noticeably reversed. The minimum drag
of the airfoils with roundecl and square tips is shown in
figuro 11 to be practically unaffected by Reynolds
number change.

The section profile drag as detcmninedby the momen-
tum method at 27 spanwise locations is shown in figure
12 for three of the angles of attack at which the deter-
minations were made. The local drag increase near the
midspan of the airfoils might be explained by an in-
creased turbulence of the jet in this region. Sphere
tests (reference 5) showed the stream turbulence to be
considerably greata at the tunnel center line than at a
station one-fourth the jet width out from the center
line.

The C., values previously mentioned for correcting all
the force-test drag data were those obtained by integra-
tion of the c.urveain figure 12 across the Ml span includ-
ing the tips. With disregard of the large local effects
and with an average taken over the middle 28 feet of the

airfoil spans (dashed lines of fig. 12), the section profilc-
drag coefficients C.Owere obtained. It will be noted
that the net effect of the rounded tips on the airfoil drag
is @ht.

F~ures 13, 14, and 15 present summary curves show-
ing the effect of Reynolds number, lift coefficient, and
section thickness on the profile drag of NACA
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FIWW 7.-&etfon elmraeterfstk of the NAOA m?dand CJJ36airfoffsat &
Reynolds numberof 3#Ml,WX1.

symmetrical airfoils between 0009 and 0035. Data from
references 1 and 3 have been used in the three figurw.
The effects of the square tips obtained from the present
tests are also included in figure 14. In figure 13, the
profile-drag coefficients for the NACA 0025 and
0035 airfoils beyond the range investigated by the
momentum method were obtained by deducting the
computed induced drag from the drag obtained in the
force tests. (See figs. 5 and 6.) The section profile-
drag coefficient at a Reynolds number of 5,000,000 is
0.0081 for the NACA 0025 airfoiI and 0.0112 for
the NACA 0035 tiOil. The profh-cbmg coeffi-
cient increases on a straight line (fig. 14) with airfoil
thickness up to 25 percent; after a thickness of 25 per-
cent the coeftlcient increases more rapidly. It is
interesting to note the large amount of drag caused by
the square tips on the thicker airfoils. This drag
amounta to more than one-fourth the total drag of
the NACA 0035 airfoil. In figure 15 is shown the
variation of the section drag coefficient at zero lift with
Reynolds number for aIl the symmetrical airfoils tested
in the full-scale wind tunnel.

..-
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The characteristics of the NACA 0025 and 0035
rounded-tip airfoils of aspect ratio 6 equipped with 0.20c
full-span split flaps and the corresponding infinite-
aspect-ratio characteristics are presented in figures 16 to
19. It wiUbe noted in these figurtwthat, for the flapped
airfoils, Cmd~ is taken with reference to the aerodynamic
center of tie plain airfoil. Comparison of the CmC,,and
the c==.acurves reveals that the pitding moments about
the qu&er-chord point for the flapped condition are
more nearly constant and are of smaller magnitude
throughout the angle-of-attack range than those taken
about the aerodynamic centers of the plain airfoils.

The effect of a 0.20c fukpan split flap on the max-
imum lifts of the NACA 0025 and 0035 rounded-tip
airfoils is shown in figure 20 by curves of the maximum
lift coefficient and the increment of maximum lift co-
efficient against flap angle. The maximum lift coeffi-
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cient for the NACA 0025 airfoil with flaps deflected
was 2.57 and for the NACA 0035 airfoil was 2.54,
the corresponding flap angles being approximately 75°
nnd 82°, respectively. With the9e &p-angle settings

FIGURE18.—VarM.lonof proflfe.drageo@lef@rtwith lift coaftteientobtahvadhum
momentumand forestesta. Reynoldennmber,4,4Gil,0Xt.

the increases in the maximum lift coefficients were 1,54
for the NACA 0025 airfoil and 1.69 for the NACA 0035
airfoil.

In figure 21 data from reference 1 have been included
to show the variation of maximum lift coefficient of the
plain and the flapped airfoils with airfoil thickness.
When equipped with a 0,20c full-span split flap, an
airfoil having a thickness between 25 and 30 percent
of the chord has the largest lift of this symmetrical
series.

The variation of the speed~range index C.~ C,w{n
with airfoil thickness is given in figure 22. If this index
is used as a criterion, the optimum t,hickmss for a plain
airfoiI is between 10 and 12 percent of the chord. The
optimum thickness for the flapped ccsnditioncannot be
accurately stated because of insufficient data. It wilI
be notod, however, that the penalty for increased thick-
ness is not nearly so great for the flapped airfoil as for
the plain airfoil. When the section profiledrag coeffi-
cient at zero lift (fig. 14) is based on the frontal area, M
in figure 23, the drag coefficient becomes a minimum for
a thickness rrdio of approximately 0.30.

Table I presents a summary of the important char-
acteristics of the NACA 0009, 0012, 0018, 0025, and
00:35airfoils obtained from full-scale wind-tunnel tests.

With the use of the maximum p/gOvalues (later ex-
plained in @e. 30 and 31), tb limiting speeds due to
Compr-ibility” have been computed for each of the

airfoils according to a method outlined in reference 7.
At sea level and at a lift coefficient of 0.3, the estimated
critical speeds of the NACA 0025 and 0035 airfoik
are 44Q and 400 miles pm hour, respectively. At dLi-

-.

i“cl
a
b.

“ s
e
G

Airfoilfhickness,percenf c

(a) Saefion profiledregeceOiofentat zero1~ c*.
(b) AC%,, due to .wmeraWe.

FIGUEE14.—Variationofeectionpmtlwreg ~“fllclont and dreg due to square tlpy “’
with airfoil thickness for NAOA syrometrfeel e.lr[olls. IWnokfs number,
fJ,@Xl,@Xl;CL,O. (Deta for NACA KU9,1111~and 0018alrfollgfromreferanm1.)

lhourrE 15.—Variationof secttonprofile-dragomfftclantiat rsro Ilft with Reynolds
number for fwe NACA symmetriml akfotle, (Data for NACA MW9,0012,and
00ISafrfoflsfromreferenee1,)

tudes other than sea level, the critical specds wouhI btj _.

decreased approximately 1.5 miles por hour per thou-
sand feet of altitude. Although the method outlinc(l
in reference 7 for obtaining the Iirniting spmds duo 10
compressibilityy has km gonerally used for estimating
critical speeds, it has l.)censhown to ho somewhut,opti-
mistic; consequently, the values listad in tablo I may be
as much as 5 percent higher than would actually be
obtained,
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The foregoing data indicate that the penalty in drag
for airfoil thickness up to 35 percent of the chord is not
unreasonably high. Iti appears that airfoil thicknesses
up to 25 percent of the chord might be advantageously
incorporated in an airpkme design.

Transition measurements,—The location of the
transition points on the upper surfaces of the NACA
0025 and 0035 airfoiIa for several lift coefficients and
tunnel speeds was determined from the boundary-layer
vdocity measurements shown in figures 24 and 25.
Table II presents a list of values by which the distance
from the theoretical stagnation point along the surface
(s/c) is converted to the distance tdong the chord from
the leading edge (z/c). The velocity 0.00S inch above
the surface generally decreases with increasing distance
from the stagnation point until a minimum is reached;
then it rises to a maximum and starts to decrease again.
The transition point is defined in this report as the s/c
position at which the @U value begins to increase after
the fhst pronounced minimum is reached. The transi-
tion region is considered to be the region of increasing
values immediately downstream from the transition
point.

Angleof affuck,ci,deg
(a)Lift.
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Ill (c)

-6 -4 10
Angltof af%ck,‘~,deg

16 20 24

(C) LID and mnt.srOfllIeSSSUS.

FtGGItX16.—Chmacteris.UOSof the NACIAfcZSsfrfofl of sspect ratfo 6 with a
O.XkfuU-spsnspl[t flap.
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Secfion Ii@coefficientc,

FIGURE17.–Saction characteristicsof thf NACA C&XIairfoil with a O.ZOC full

SW sPlit tip at a Reynoldsnuruborof~rOIHJ,fKIO.

The transition regions fo~ tb negative angles of
attack (figs. 24 (a) and 25 (a)) are seen to be poorly
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~; FIOL’EE18.
.-

deflncd by the determinations with the tubes nearest
the surface. ‘he typical velocity-distribution profiles
given “in figures 26 and 27 for a Reynolds number of
3,200,000 show that fully clevelopod turbuhmt profiles
were.never obtttinecl for the NACA 0025 airfoil al
negative lift aml only at the s/c posiLicmftirthost from
the sttignation point for the NACL 0035 airfoil.

Iriligure 24 (c) a tendency is observed for the trmlsi-
tion point of the NACA 0025 airfoil iat a lift coeffi-
cient ‘of 0.49 b becomo lees sharply defined with
increasing tunnel velocity and to move far forward al
thehighest speed obtained. Tho cormsp~nding velocity-
distribution profiles at a Reynolds number of 4,000,000
indicated that the transition point does move ahead to
rtnsfc position of about 0,2, Unfortunately, ([etwminti-
tions were not made ovm the forward portion of the.
NACA 0025 airfoil at the Reynolds number of 5,100,000,
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Angle of atfaciqd. deg

(b) Dragand pkchlngmoment.
FIGUE~18.

Angfe of a+fock,d , deg

(o)L/D end canterofDemure.
FLm’F.ElS.—C!haraeterfatimof the NAGA 0@35akfofl of asxt ratio 8 with a

O* full-spansplit Jlep.

430134”4~

-.4 0 .4 .8 L2 M 2.0 2.4 2.8

FmuBE 19.-Seetfon charecterfstbmof the NACA 0035 airfoil with a OJSXwith
a O.’MCfull-spanapUtflapat a Reynoldsnnmk of3,0M,CIW. —.
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FIWJR120.-Verfetion of rsmxhnumlift coefEe!entand fnmementof maxfmmnIlft
meftlelent with flap deflection for two NACA alrfolls. Reynolds numbw,
a@30,almaspectratio, &
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FItiuRE22.-VSSIationof C~-CJC%S with efrfoilthfeknesaforNACA
symrnetrlealaerk.
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FIGURE21.—VarfatIorIof mdrnum lift e&3.cfentfor m afrfofl,whb and without
flaw md incrementofmasinmm lift matEcIsntdue to flapswith atrfcdlthfckness
fbr three NACA MoM. Rewold$ numk, W@MWW@ ~ffo, fi (~ta for
NAC!&_319,0012,and Cil18aIrfOIlsfromrdwmm L)
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The variation of the transition-point location with
Reynolds number for the two airfoils is given in figure
28. At low speeds, the forward movement of the
transition points with increasing ReynoMa numbers is
quite rapid for the negative-lift and the zero-lift
conditions. The position of the transition point for
the hTACA 0035 airfoil at the positive Iift remains
practically constant throughout the Reynolds number
range investigated. There is also a slight movement
for the NACA 0025 airfoil at a c1 of 0.49 up to a
Reynolds number of 3,200,000, but from this point an
increase in Reynolds number of 800,000 causes the
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transition point to move forward a distanoe equal to
7.5 percent of the chord.

The effect of airfoiI thickness on the Iocat.ion of the
transition point is presented in figure 29. Data from
testg of the NACA 0009, 0012, and 0018 airfoils in
the full-scale tunnel (reference 2) have been included in
this figure. The curvM indicate that transition takes
place farther from the stagnation point as the airfail
thickness is increased.

The pressure-distribution determinations, which were
Dbtained with the static tubes included in the banks of
tubw for the boundary-layer surveys, are shown in

..-

.
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figures 30 and 31 for each of the test lift coefficients,
The static-pressuredistribution curves for the NACA
0025 and 0035 aixfoils at zero lift are pandlel to but
considerably lower than the theoretical CUYVEW.The
discrepancy may be due to failure of conventiQmd
airfoil theory when applied to airfoils of these extreme
thicknesses,

The transition-point location obtained at the highest
and the lowest Reynolds numbem of the testis indicated
on each of the pressure-distribution curves in f3gures
30 and 31. The laminar separation points, which are
ZJSQindicated on. the curv~ were estimated by the
method of reference 8. It- will be noted that the
separation points in most cases are not far distant from
the points of transition.

~ONCLUSIONS

Within the range covered, the section profile-drag
coefficients of the. NACA 0025 and 0035 @foils were
practically independent of Reynolds number, the values

. of these coefficients for the two airfoils being 0.0082
and 0.0112, respectively. With the airfoils equipped
with 0.20c full-span split flaps and at a Reynolds num-
ber of 3,000,000, the maximum lift coefficient of tie
NACA 0025 &fQil .WW 2.5Z and that. of the .NACA
0035 airfoil was 2.54. Tuft and momentum surveys
indicated poor flow begiming at a low lift coefficient
near the trailing edges of jhe NACA 0025 Wd ~035
airfoils. When based on the projected frontaI area, the
section with the lowest profl.e-drag coefficient was found

to have a thickness approximately 30 perceht of the
chord,

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS,

LANGLEY FIELD, VA., i%pternber26, 1940. .
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TABLE I

IMPORTANT CHARACTERISTICS OF THE NACA 0009,0012,0018,0025,AND 0035AIRFOILS FROM FULL-SCALE
TUNNEL TESTS “

[Data for the NACA 0009, 0012, and 0018 airfoils are from reference 3.]
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TABLE II

DISTANCES ALONG THE UPPER SURFACE (8/C) FROM
THE THEORETICAL STAGNATION POINT CORRE
SPONDING TO DISTANCES ALONG THE CHORD LINE
(z/c) FROM THE LEADING EDGE OF THE TWO NACA
AIRFOILSTESTED

I --lNACA 00258frfOn N.4CA 0026rdrfolf
——

Z/c ECE=-O.47
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